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Climate change is expected to cause the alteration of litter production in forests, which may result in substantial changes in soil 
CO2 efflux (FCO2) process as litter represents a major pathway of carbon from vegetation to the soils. In this study, we conducted 
an aboveground litter manipulation experiment to examine the influence of litter addition and exclusion on soil FCO2 in Camphor 
tree, Masson pine, and mixed Camphor tree and Masson pine forests in central south China. Litter input manipulation included 
three treatments: non-litter input (litter exclusion), double litter input (litter addition), and natural litter input (control). On average, 
litter exclusion significantly reduced soil FCO2 rate by approximately 39%, 24% and 22% in Camphor tree forests, the Mixed 
forests, and Masson pine forests, respectively. On a yearly basis, double litter addition significantly increased soil CO2 by 12% in 
the Mixed forests (P=0.02) but not in both Camphor tree and Masson pine forests (P>0.05), when compared with their corre-
sponding control treatments. However, litter addition increased soil FCO2 rates in the months of June–August in Camphor tree 
and Masson pine forests, coinciding with high soil temperature of summer conditions. Litter exclusion reduced soil FCO2 more 
than litter addition increased it in the study sites. Responses of soil respiration to litter input treatments varied with forest types. 
Litter input treatments did not alter the seasonal patterns of soil temperature and soil water content. Our results indicated that 
changes in aboveground litter as a result of global climate change and/or forest management have a great potential to alter soil 
respiration and soil carbon balance in forest ecosystems. 
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Soil is the second largest carbon pool and has a great poten-
tial to affect global climate change through carbon release 
and sequestration. Soil carbon, being about twice as much 
carbon (1580×1015 g) as the atmosphere (750×1015 g) or 
terrestrial vegetation (610×1015 g) is a large component of 
the global carbon cycle [1,2]. The amount of soil carbon in 
forest ecosystems is determined by carbon inputs from 
aboveground litter and belowground root turnover, and 
carbon outputs from soil respiration and runoff with dis-
solved organic carbon [3,4]. The emission of CO2 from for-
ested soils (also called soil respiration) represents the largest 
terrestrial CO2 flux to the atmosphere [5]. As a result, soil 
CO2 efflux (FCO2) is an important regulator of climate 
change and plays a critical role in carbon balance in the local, 
regional and global scales [6,7]. Soil temperature (Tsoil) and 
soil moisture (Wsoil) have been widely reported as the major 
factors to influence soil respiration [8]. Soil FCO2 rates are 
also affected by many biotic and abiotic factors, such as fine 
root production [9], microbial activity [10,11], soil organic 
matter [12], soil pH [8,13], soil type, nutrient availability, 
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vegetative cover type [14], as well as forest management 
practices [15,16].  
Elevated atmospheric greenhouse gases, particularly CO2 
concentration likely result in the increment of net primary 
production of plant communities [17,18] and thus above-
ground litter production in forest ecosystems [19]. Litter 
and its decomposition represent the major pathway of car-
bon and other nutrients from plant components to the soils 
[20]. In addition, litter layer on the forest floor helps to 
maintain favorable micro-environmental conditions for de-
composition process by regulating the microclimate in for-
ests [21]. Thus, the amount of litter accumulated in the for-
ests is expected to affect soil organic matter content and 
underground processes. It was reported that litter removal 
and litter addition treatments affected the number of de-
composer organisms in forests, such as arthropods [22] and 
fungi [23,24]. Therefore, changes in amount of litter on the 
stand floor will alter the amounts of available nutrients [21] 
and decomposition rates [25] in the soils. Particularly, in-
creased litter resulted from global climate change would 
cause the alterations of soil microbial community, which 
further result in an excess of soil respiration from both 
newly added carbon sources and existed soil organic matter 
[18,26]. This process, termed as ‘priming effect’, is mainly 
attributed to dissolved organic carbon from aboveground 
added litter and recently has received increased attention 
[27,28]. Despite attention given recently to examining in-
fluences of aboveground litter changes on soil FCO2 due to 
global climate change and forest management practices, 
there still exists great uncertainty and variability among 
measurements in different forest ecosystems [18,26,29,30]. 
In this study, we investigated the responses of soil respi-
ration to aboveground litter input manipulation in three 
common forest types in central south China. The camphor 
tree (Cinnamomum camphora) is a dense evergreen broad-
leaves tree species and is commonly planted as shaded, 
windbreak and timber forests. Additionally, camphor tree 
forests represent one of the most important climax vegeta-
tion communities in subtropical region of China. Masson 
pine (Pinus massoniana) is an evergreen conifer tree species 
and often cultivated for timber production. Because of 
characteristics of strong tolerance to infertile and drought 
soils, Masson pine forests have been widely planted in 
southern China and the total area of theplantations was 
around 2×106 km2 [31]. In the past years, several studied 
were conducted to examine aboveground processes in these 
forests, such as allocation of aboveground biomass and 
productivity, seasonal patterns of tree photosynthesis, and 
decomposition of litter [16,31,32]. However, few studies 
were carried out to examine belowground processes in these 
forests, such as soil respiration. Here we document dynam-
ics of soil FCO2 response to increased and decreased litter 
inputs treatments in three common types of forests in the 
region. The purpose of the study is to test the hypothesis 
that changes in aboveground litter inputs determine the var-
iations of soil CO2 rates in the dominant forest types. The 
specific objectives of the paper were to: (1) quantify annual 
and seasonal variations of soil FCO2 rates following litter 
exclusion and addition treatments in the Camphor tree, 
Masson pine, and the mixed Camphor tree and Masson pine 
forests; (2) estimate relative contributions of litter composi-
tion on soil respiration in the three types of forests; and (3) 
examine the effects of litter input changes on Tsoil and Msoil, 
which are the dominant abiotic factors controlling soil FCO2 
rates in the forests. 
2  Methods 
2.1  Study area  
The study was carried out at Hunan Forest Botanic Garden, 
Changsha City, Hunan Province, China (113°02′–113°03′E, 
28°06′–28°07′N). The garden covered about 140 ha and the 
study area was a typical moist subtropical zone with a mean 
annual temperature of 17.2°C and mean monthly tempera-
tures of 4.7°C and 29.4°C in January and July, respectively. 
Annual precipitation ranged from 1200 to 1700 mm. Mean 
annual relative humidity was >80%. The frost-free period 
was 270–310 d per year. Elevation was 46–114 m with an 
average site slope of 5–15°. Soil pH on the surface (0–10 cm) 
was acidic with an average pH of 5.0. Three dominate forest 
types in the garden were selected in the research project. 
Masson pine forests were planted in 1980 with an initial 
stand density of 2 m×2 m. Camphor tree forests were estab-
lished in 1982 with a tree density of 2 m×3 m. The Masson 
pine and Camphor tree mixed forests (thereafter as the 
Mixed forest) were planted in 1982 with an initial density of 
2 m×3 m and using a proportion of 50%: 50% for the two 
tree species. The general characters of the three stands are 
listed in Tables 1 and 2. Understorey species in these forests 
were Sassafeas tsumu Hemsl.; Cinnamomum camphora; 
Symplocos caudata Wall. ex A. DC.; Clerodendron cyr-
tophyllum Turcz; Nephrolepis auriculata Trimen; Lophan-
therum gracile Brengn.; Miscanthus floridulus Warband  
Table 1  Characteristics of the Camphor tree, Mixed forest and Masson pine forests in Hunan Forest Botanic Garden, Changsha, Hunan Province, China 
Forest types Planted time Stand density (tree ha1) Mean DBH (cm) Mean tree height (m) 
Camphor tree 1982 1600 14.9 12.5 
Mixed forest 1982 1600 16.9 12.7 
Masson pine 1980 1600 15.2 12.3 
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Table 2  Soil properties and litter production in the Camphor tree, Mixed forest and Masson pine forests in Hunan Forest Botanic Garden, Changsha, Hu-
nan Province, China (mean±SE) 
Forest types Soil density (g cm3) Soil pH Total C (mg C g1)) Total N (mg N g1) Litter production (t ha1 a1) 
Camphor tree 1.50±0.11 3.9±0.18 9.45±1.01 0.81±0.18 3.26±0.17 
Mixed forest 1.36±0.26 4.2±0.20 11.02±1.88 1.03±0.24 4.30±0.22 
Masson pine 1.57±0.33 3.7±0.15 8.38±0.32 0.67±0.67 3.41±0.25 
 
and Phytolacca acinosa Roxb. Firmiana simplex. 
2.2  Experimental design 
The study was a nested design in which forest type (Cam-
phor tree forest, Masson pine forest, and Mixed forest) was 
the main factor, and the changed litter input treatments were 
the sub-factor nested in the main factor. One site (with the 
area of 50 m50 m) was chosen for each of the three forest 
types in the study area. Three changed litter input treatments 
were employed for each forest type. Six replicated plots 
(each with the size of 3 m4 m) were set up as the meas-
urement points for each of the three litter input treatments 
within for each forest type. Therefore, the total number of 
measurement points was 336=54.  
The changed litter input treatments, including non-litter 
input (litter exclusion), double litter input (litter addition) 
and natural litter input (as control), were conducted for each 
of the forest types. The non-litter input treatment was per-
formed to remove all litter materials from the floor in the 
plot at the beginning of the study. Then a 1-mm-mesh col-
lection was installed about 0.8 m height above the forest 
floor on the plot to prohibit litter falling on the floor. All 
litter was collected and removed from the mesh collection 
twice a month. The double litter input treatment was per-
formed to transfer and evenly distribute litter materials ob-
tained from a non-litter input plot described above on a 
double litter input plot. The double litter input treatment 
was carried out twice a month. The natural litter input 
treatment, as a control treatment, was performed to keep the 
natural status of litter on the floor and the normal litter-fall 
process was allowed, neither removal nor addition. The 
study was initiated in June of 2009. All treatments were 
usually conducted at the beginning of each month, approx-
imately one week prior to the measurement of soil FCO2. 
2.3  Soil FCO2 rate measurements 
Soil FCO2 rates were measured on a biweekly basis from 
June of 2009 to May of 2010 using a portable infra-red gas 
analyzer (LI-COR 8100A) with soil CO2 flux chamber (LI- 
8100-09). In order to minimize soil disturbance effects from 
the utilization of the flux chamber, PVC collars were in-
serted into the soil one week prior to the first measurement 
of FCO2, and kept in place through the entire study. The 
PVC collars used were 20.0 cm in diameter and 4.4 cm in 
height, and were installed to leave 2.5 cm protruding above 
the soil surface. The FCO2 value at each measurement point 
was the mean of three sequential flux estimates at each 
sampling interval; values are expressed as µmol CO2 m
2 s1. 
The monthly data collection was timed to span a few days 
with similar weather patterns since it was not possible to 
obtain all measurements in a single day [33]. 
2.4  Soil temperature and moisture measurements 
Tsoil and Msoil were measured at the same time during the 
measurements of soil FCO2 using a soil thermocouple probe 
(LI-COR 8100-201) and a water content probe (LI-COR 
8100-202) at 5 cm below the soil surface. Msoil was pre-
sented as volumetric soil moisture content. 
2.5  Date analysis 
The effects of forest types, litter input treatments, temporal 
variation (month-to-month), and their interactions on soil 
FCO2, Tsoil, and Msoil statistically tested using analysis of 
variance (ANOVA). The original FCO2 data were log- 
transformed to satisfy the normality and homogeneous as-
sumptions of ANOVA. Multiple comparisons were con-
ducted to identify the differences in FCO2 and Tsoil, and Msoil 
among the forest types. A Tukey-Kramer test was used to 
compare the variation of soil FCO2 in each forest types due 
to the changed litter input treatments. Exponential regres-
sion analysis was employed to examine relationships be-
tween soil FCO2 and Tsoil. Statistical analyses were con-
ducted using the SAS statistical package. 
3  Results 
Soil FCO2 rates were significantly different among the for-
est types for the control plots over the year (P<0.0001) (Ta-
ble 3). On average, Camphor tree forests had the highest 
soil respiration rate (3.16±1.60 mol m2 s1) (mean±SE) 
during the study period, the next was the Mixed forests 
(2.16±0.84 mol m2 s1) and the lowest values were found 
in Masson pine forests (1.91±0.70 mol m2 s1). In other 
words, soil FCO2 rates were about 1.7 and 1.1 times higher 
in Camphor tree and the Mixed forest sites than that in 
Masson pine sites.   
Non-litter input treatments had a significant effect on soil  
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Table 3  Annual averages of Soil FCO2 rates in the three types of forest 
under litter treatments in Hunan Forest Botanic Garden, Changsha, Hunan 
Province, China (mol m2 s1) (mean±SE)a) 
Forest types 
Treatments 
Control Double litter Non-litter 
Camphor tree 3.16±1.60A,a 3.11±1.79a 1.93±1.01b 
Mixed forest 2.16±0.84B,a 2.29±0.96b 1.68±0.78c 
Masson pine 1.91±0.27C,a 1.82±0.85a 1.49±0.61b 
a) Different capital letters in the Control column indicate significant 
difference among the forest types (P<0.0001); different small letters in a 
row indicate significant difference between different treatments in each 
forest type (P<0.05). 
FCO2 process (P<0.05) in all studied forests (Table 3). By 
comparing with control treatments, soil FCO2 rates were 
decreased by 39.2 (±6.8)%, 24.1 (±12.3)% and 22.3 (±7.0)% 
under non-litter input treatments in Camphor tree, Mixed 
forest, and Masson pine plots, respectively. In other words, 
approximate 39%, 24% and 22% of the total soil FCO2 were 
litter-derived in the three forest types, respectively. Double 
litter input treatments likely had no obvious impacts on soil 
FCO2 in Camphor tree and Masson pine forests (P>0.05) 
when compared with their corresponding litter control treat-
ments, but litter addition increased soil FCO2 rates in the 
months of June–August in the two forest types, coinciding 
with high Tsoil of summer conditions (Table 3, Figures 1 and 
2). On a yearly basis, double litter treatments significantly 
increased soil CO2 by 12% when compared with litter con-
trol treatments in the Mixed forests (P=0.02) (Table 3).  
The three forest types exhibited similar seasonal varia-
tions of soil FCO2 rates, with lowest values occurring dur-
ing the winter months of December–February and greatest 
rates during the months of June–August for control treat-
ment (Figure 1). On a monthly basis, the mean soil FCO2 
rates were 1.21–5.47, 1.11–3.48 and 0.84–2.85 mol m2 s1 
in control plots, and 0.64–3.40, 0.66–2.87 and 0.64–2.26 
mol m2 s1 in non-litter input plots in Camphor tree, 
Mixed forest, and Masson pine forests, respectively. Non- 
litter input and double litter input treatments did not modify 
the seasonal patterns of soil FCO2 in the study sites. At most 
measurement dates, there were no significant differences of 
soil FCO2 rates between double and control litter input sites. 
But soil FCO2 rates were obviously lower in non-litter input 
sites than in both double and control litter input plots 
throughout the whole course of the study. Particularly, vari-
ations in monthly soil FCO2 rates were large among the 
three stands in the growing season, but small in the winter 
times (Figure 1).  
There were similar seasonal patterns in Tsoil in all control 
sites of the three forest types (Figure 2). The highest and 
lowest values were observed in months of July–August and 
January, respectively, in Camphor tree, the Mixed forest, 
and Masson pine forests. Tsoil was not affected by litter input 
treatments for the three forest types (Table 4). Non-litter  
 
Figure 1  The seasonal patterns of soil FCO2 in response to litter treat-
ments in three stand types in Hunan Forest Botanic Garden, Changsha, 
Hunan Province, China during the time period of June of 2009 to May of 
2010. (a) Camphor tree forests; (b) the Mixed forests; (c) Masson pine 
forests. Data were no available in the month of January of 2010 in Masson 
pine forests. 
input treatments reduced monthly mean values in Msoil 
compared to control treatments in the studied forests, but 
the differences in Msoil were not significant between the two 
treatments (P>0.05) (Table 5). No statistically significant 
differences in Msoil were found between double litter input 
plots and control plots in the three forest types during the 
study times. 
Soil FCO2 rates were strongly correlated with Tsoil (P< 
0.0001) (Figure 3), but not with Msoil (P>0.05) (Figure 4). In 
the study site, Tsoil was selected as the signal dominant in-
dependent valuable to describe the dynamics of soil FCO2, 
and accounted about 90%, 89% and 93% variability in soil 
FCO2 rates in Camphor tree, Mixed forest and Masson pine 
forests respectively.  
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Figure 2  Seasonal patterns of soil temperature in response to litter treat-
ments in three types of forest stand type in Hunan Forest Botanic Garden, 
Changsha, Hunan province, China during the time period of June of 2009 
to May of 2010. (a) Camphor tree forests; (b) the Mixed forests; (c) Mas-
son pine forests. Data were no available in the month of January of 2010 in 
Masson pine forests. 
Table 4  Annual mean soil temperature in the three types of forest under 
litter treatments in Hunan Forest Botanic Garden, Changsha, Hunan Prov-
ince, China (°C) (mean±SE)  
Forest types 
Treatments 
Control Double litter Non-litter 
Camphor tree 15.8±8.5 15.8±8.6 15.7±8.6 
Mixed forest 15.2±8.2 15.5±8.4 15.3±8.6 
Masson pine 16.5±9.0 16.4±9.9 16.6±9.2 
4  Discussion 
We found that exclusion of litter inputs substantially re-
duced soil FCO2 rates in the studied forests (Table 3 and 
Figure 1). The results were similar to that in other previous  
Table 5  Annual mean soil moisture in the three types of forest under 
litter treatments in Hunan Forest Botanic Garden, Changsha, Hunan Prov-
ince, China (%) (mean±SE) 
Forest types 
Treatments 
Control Double litter Non-litter 
Camphor tree 16.5±4.4 17.2±4.6 12.6±3.3 
Mixed forest 15.2±4.0 13.5±3.6 14.8±3.9 
Masson pine 15.1±4.0 15.4±4.1 14.1±3.7 
 
 
Figure 3  The relationships between soil FCO2 and soil temperature in 
control plots of the three forest types in Hunan Forest Botanic Garden, 
Changsha, Hunan Province, China. (a) Camphor tree forests; (b) the Mixed 
forests; (c) Masson pine forests.  
litter manipulation experiments [12,29,34,35]. Sayer et al. 
[36] reported that soil respiration was on average 20% low-
er in the litter removal plots than in the control plots from a 
long-term litter manipulation study in tropical forests. Zim-
mermann et al. [37] pointed out that litter layer contributed 
37% of total soil FCO2 in a tropical montane cloud forest in  
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Figure 4  The relationships between soil FCO2 and soil moisture in con-
trol plots of the three forest types in Hunan Forest Botanic Garden, Changsha, 
Hunan Province, China. 
Peru. Exclusion of litter from soil surface reduced soil FCO2 
by 17%–44% in three successional subtropical forests in 
southern China [38]. Removal of litter result in a decline of 
soil FCO2 rates by about 22% in temperate forests [34,39]. 
Although the contribution of surface litter to the soil respi-
ration could be as high as 54%–68% [29], the proportion of 
aboveground litter on the total soil respiration, on a global 
scale, was 20% to 30% [14]. Our estimates, about 22%–39% 
of soil FCO2 was reduced following litter exclusion in the 
three forests, fall within the range of these published values. 
CO2 from soil surface includes the sum of autotrophic res-
piration (root and rhizosphere) and heterotrophic respiration 
(microbes and soil fauna). Litter falling and thereafter its 
decomposition represent a major pathway of carbon and 
other nutrients from vegetation to the soil, meaning to pro-
vide raw food resources for soil fauna and microbial. Thus, 
prohibiting aboveground litter inputs or litter removal 
would be expected to greatly reduce soil FCO2 rates in forest 
ecosystems [37,40]. In the current study, litter input treat-
ments did not significantly modify seasonal patterns of Tsoil 
and Msoil in the three forests (Tables 4 and 5), while dynam-
ics of soil FCO2 were tightly correlated to the changes in 
Tsoil (Figure 3). As a result, the negative effect of litter re-
moval on soil FCO2 was likely attributed to the reduction of 
the amount of available respiratory substrates, which may 
cause the changes in composition and activity of soil micro-
bial community. Li et al. [29] reported that microbial bio-
mass was greatly reduced (about 68%) from tropical forests 
due to litter exclusion. The changes in the composition and 
activity of microbial community were observed following 
litter removal [41,42]. Therefore, the reduction in soil FCO2 
following litter exclusion was mainly attributed to a direct 
effect, available substrates limitation which can decrease the 
heterotrophic respiration. In our previous study at the same 
sites, we found that heterotrophic respiration made a major 
contribution (more than 70% of total soil respiration) in an 
adjacent stand of Chinese fir plantations [30].  
In the present study, the percentage of reduction in soil 
FCO2 rates following litter exclusion decreased in an order 
Camphor tree forests>Mixed forests>Masson pine forests 
(Table 3). The results suggested that the tree species and 
forest type itself played a critical role in the responses of 
soil FCO2 to litter exclusion because these forests located in 
the same site with similar micro-environmental condition 
and soil type and had the same stand aging (Tables 1 and 2). 
Li et al. [29] conducted a long-term litter manipulation ex-
periment in Puerto Rico and found that litter removal de-
creased soil FCO2 by 68% in a pine plantation and 54% in a 
secondary forest. Bréchet et al. [43] reported that differ-
ences in soil respiration were related to the quantity of litter 
biomass in 16 tree species planted in mono-specific plots, 
highlighting the role of tree species as a source of variation 
of soil FCO2. Moreover, different tree species, such as faster 
and slower growing tree species, produces variable amount 
of litter contained different concentrations of C, nitrogen 
and other nutrient elements, which make different contribu-
tions to soil respiration and affects the abundance, composi-
tion, and activity of soil microbial communities [35]. This is 
particularly true in our case as the microenvironment factors 
were not significantly affected by litter input treatments. 
Litter on the forest floor was effective mulch on the soil 
surface that regulated the microenvironment. Soils were 
exposed following litter exclusion, and the bare soil should 
have higher Tsoil and lower Msoil. However, our results 
showed that litter exclusion had no obvious effects on Tsoil 
and Msoil in three forest types, which may be attributed to 
the closed canopy of these forests that made a mulch effect 
in migrating microclimate in mature stands [13].   
As soil FCO2 rates were reduced by 20%–40% from the 
non-litter input plots in the studied forests, we expected that 
the similar percentage would be gained in the double litter 
input plots compared to the control treatments. Surprisingly, 
double litter input treatments did not significantly alter soil 
FCO2 rates in both Camphor tree and Masson pine forests, 
but in the Mixed forests, when compared to the corre-
sponding control treatments (Table 3, Figure 1). Many pre-
vious studies reported that litter additions often increased 
soil FCO2 rates [21,40,44], mostly due to ‘priming effect’, 
an increase in soil organic carbon mineralization following 
the input of fresh organic carbon residues [27,28]. Crow et 
al. [26] reported that double needle litter inputs increased 
actual soil respiration and the priming effect accounted for 
up to 19% of total soil FCO2 from litter addition sites in an 
undisturbed old-growth western hemlock and Douglas fir 
stand. Sayer et al. [36] performed a litter-manipulation 
treatments project in a tropical forest, and they found that the 
total annual soil FCO2 increased from 10.0±0.5 t C ha
1 a1 
in control plots to 13.8±1.2 t C ha1 a1 in litter addition 
plots. In the current study, litter addition indeed increased 
soil respiration by about 12% in the mixed forests on a 
yearly basis, showing a positive priming effect [26]. It is 
worthy to note that double litter inputs had no significant 
impact on soil FCO2 in Camphor tree and Masson pine for-
ests on a yearly basis, but litter addition increased soil FCO2 
rates in the months of June–August in the two forest types, 
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coinciding with high Tsoil of summer conditions. Our data 
did not allow us to directly determine the mechanisms con-
trolling the response to additional litter inputs. However, a 
number of factors were likely attributed to the result. Firstly, 
the availability of respiratory substrates was not limited to 
microbial community for decomposition in Camphor tree 
and Masson pine forests during the study period and thus 
microbial respiration was not greatly enhanced by addition-
al aboveground litter inputs. Second, litter addition effect 
did not completely occur within one-year experiment in the 
study site. Third, the temporal scales of soil priming effect 
should be considered when assessing the effect of litter 
changes in forest ecosystems. The influence of litter treat-
ments on dynamics of belowground parts including soil 
microbial activity and soil FCO2 might be dependent upon 
the time period following the treatments. Park and Matzner 
[45] reported that litter additions did not alter the amount of 
microbial biomass in a temperate deciduous forest two years 
later following the treatment. Nadelhoffer et al. [41] indi-
cated that total fungal biomass in the forest floor increased, 
but total fungal biomass and active bacterial biomass in the 
mineral soil decreased after five years of litter addition. 
Crow et al. [26] performed a Detritus Input Removal and 
Transfer Experiment and pointed out that high rates of soil 
priming effect observed in July–August were not directly 
caused by addition of litter, but were due to the cumulative 
added litter over six years and higher temperature, increased 
enzyme activity, and greater root activity. 
5  Conclusions 
Based on field measurements of soil FCO2 rates under litter 
input treatments in Camphor tree, Mixed forest, and Masson 
pine forest types, we conclude that changes in litter inputs 
influence soil respiration significantly in these forests. Litter 
contributed 20%–40% of total soil respiration in the com-
mon forest types in southern China. The exclusion of litter 
from forest floor would lead to a reduction of available sub-
strates in soils, which might affect soil microbial communi-
ties and cause decline of soil FCO2. It seems that litter ex-
clusion had more effects in reducing soil FCO2 than litter 
addition in increasing it in the study sites. Responses of soil 
respiration to litter input treatments varied with forest types. 
Further research is required to clarify the long-term effects 
of climate change via litter input alteration on soil FCO2 and 
soil carbon balance in various forest ecosystems.  
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